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cal propertyAbstract Non linear optical single crystals of L-alanine have been grown from aqueous solution of
potassium di hydrogen phosphate (KDP) by the slow evaporation method. Single crystal X-ray dif-
fraction conﬁrms the orthorhombic structure of the grown crystals. Fourier transform infrared (FT-
IR) studies reveal the presence of functional groups present in the grown crystal. The optical trans-
mission study reveals very good transparency of the crystal and its optical band gap is found to be
4.9 eV. The thermal stability of the grown crystal is found to be 288.7 C. The second harmonic gen-
eration (SHG) of the material was investigated using pulsed Nd: YAG laser. Third order non linear
studies were performed using the single beam Z-scan technique using continuous wave Nd: YAG
laser. Closed aperture Z-scan studies reveal negative nonlinearity in the crystals and open aperture
Z-scan reveals saturation absorption. Also nonlinear parameter values such as nonlinear refractive
index n2, absorption coefﬁcient b and nonlinear optical susceptibility v
(3) were evaluated for the L-
alanine crystal.
ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
Material with large second order optical nonlinearities ﬁnds
wide application in the ﬁeld of laser technology, laser commu-nication, data storage technology and optoelectronic technolo-
gies frequency doubling, optical modulation (Meera et al.,
2004; Ambujam et al., 2006; Heanue et al., 1994; Kang
et al., 1990). Organic materials show good second harmonic
generation (SHG) efﬁciency compared to inorganic materials
(AnbuchudarAzhagan and Ganesan, 2012). Crystals of the
amino acid family have been grown and studied by several
researchers for their excellent nonlinear optical (NLO) proper-
ties (Liu et al., 2007; Zhang et al., 2008; Hernandez-Paredes
et al., 2007; Eimerl et al., 1989). The L-alanine can be consid-
ered as the fundamental building block of more complex ami-
no acids which shows strong nonlinear behaviour and
abnormal phonon connection and is a system exhibiting vibra-
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2009). In the present work, single crystals of L-alanine have
been grown from themixture of alanine andpotassiumdi hydro-
gen phosphate in the aqueous solution by the slow evaporation
technique for the ﬁrst time. The grown crystals were subjected to
various characterization studies such as single crystal X-ray dif-
fraction, FTIR analysis, UV–visible spectrum thermal studies
and NLO test. Third order nonlinear studies were done using
the Z-scan technique using continuous wave Nd: YAG Laser.
2. Experimental procedure
The title compound L-alanine was synthesized by taking AR
grade L-alanine and AR grade potassium di hydrogen phosphate
in the molar ratio of 1:1 and dissolved in deionized water. All
starting materials were of AR grade and the growth process
was carried out in aqueous solution. The solution is stirred well
for 5 h. to obtain a homogeneous mixture. The resulting solution
was ﬁltered using Whatmann ﬁlter paper and it is kept in an
undisturbed condition. The solution was taken in a beaker and
closed with a perforated cover and kept in a dust free atmo-
sphere. The crystals were harvested when they attained an opti-
mal size and shape within 20 days. Optically transparent and
defect free crystals were of dimensions 13 · 8 · 3 mm3 and the
photograph of the grown crystal is shown in Fig. 1.
3. Results and discussion
3.1. Single crystal X-ray diffraction
Single crystal X-ray diffraction analysis was carried out using a
Bruker AXS diffractometer withMoKa (k= 0.7170 A˚) radiation
to identify the lattice parameters. The single crystal X-ray diffrac-
tion studies conﬁrm the orthorhombic structure with the space
group of P212121. The lattice parameters of L-alanine are;
a= 5.773 A˚, b= 6.008 A˚, c= 12.346 A˚, with volume
V= 428.1 A˚3. The crystal parameters and cell volumewere found
to be well in agreement with reported values (Misoguti et al.,
1996).Figure 1 Photograph of as grown crystal of L-alanine.3.2. FT-IR spectrum studies
The middle infrared FTIR spectrum of grown L-alanine crys-
tals was recorded in solid state using KBr pellet techniques.
Dispersion was recorded using Perkin–Elmer Spectrum-one
FT-IR spectrometer (Fig. 2). Absorption peaks at 3085.89,
1620.09, and 1513.37 cm1 indicate the presence of NHþ3
amine group and OH group of water molecules in the grown
crystal (Lucia Rose et al., 2011). The spectrum exhibited a
characteristic N–H stretching absorption band in the high fre-
quency range between 2782 and 3088 cm1. The peak at
2782 cm1 is attributed to C–H stretching mode vibration (Sil-
verstein et al., 1981). The peak at 2111.0 cm1, in the overtone
region is assigned to combinational and asymmetrical bending
vibrations of NHþ3 . Very strong band occurring at 539 cm
1 is
contributed of HO–P–OH bending vibration (Balamurugan
and Ramasamy, 2009). The bending modes of CH3 are posi-
tioned at 1316 and 1455 cm1, respectively. The peaks at
1113 cm1 are due to C–O stretch and O–H bend of the
CO–OH group is observed at 1236, 1306 and 1361 cm1,
respectively. (Justin Raj and Jerome Das, 2007).
3.3. Transmittance spectral studies
The transmission spectrum was recorded at room temperature
using Shimadzu 1601 UV–Vis–NIR spectrophotometer in the
range of 190–1200 nm. The crystal is highly transparent in the
entire visible region, whereas it has a UV cutoff at 256. The
transmission is uniformly high (73%) for light in the visible re-
gion of electromagnetic spectrum, which is useful for nonlinear
device application. The resultant spectrum is shown in Fig. 3.
The optical band gap is obtained by plotting the graph between
ht and (aht)2 as shown in Fig. 4. From the graph, the optical en-
ergy gap of L-alanine is determined as 4.9 eV.
3.4. Thermal studies
The thermo gravimetric analysis of L-alanine crystals was car-
ried out for the sample weight of 8.23 mg between 50 and
800 C at a heating rate of 20 K min1 in nitrogen atmosphereFigure 2 FT-IR spectrum studies of L-alanine crystal.
Figure 3 UV–Vis-NIR spectrum of L-alanine crystal.
Figure 4 Plot of ht and (aht)2 for L-alanine crystal.
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resultant spectrum is shown in Fig. 5. The TGA curve shows
that there is no weight loss up to 220 C and there is weight loss
of about 1.40% of the initial mass at 229.2 C. The maximum
weight loss 96.239% is observed in the temperature range of
230–305 C and hence the sample is found to be thermally stable
and suitable for device applications. From DTA curve, it is ob-
served that there is one endothermic peak at 288.7 Cwhich rep-
resents the decomposition of L-alanine. From this, it is
concluded that the crystal melted only at 288.7 C. The sharp-
ness of this endothermic peak shows the good degree of crystal-
linity of the sample (HajaHameed et al., 2008).
3.5. Second harmonic generation (SHG) study
The SHG efﬁciency of L-alanine has been measured by the
Kurtz and perry powder technique (Kurtz and Perry, 1968).
A Q-switched solid state Nd: YAG laser (k= 1064 nm) witha pulsed duration of 6 ns and frequency repetition rate of
10 Hz was used into the powder samples. The grown single
crystals of L-alanine were ground into ﬁne powder with uni-
form particle size and then ﬁlled into the micro capillary tube.
The emission of bright green radiation (k= 532 nm) from the
crystals conﬁrms the generation of second harmonics. The sec-
ond harmonic signal of 9.0 mJ was obtained for an input en-
ergy of 0.68 J. The SHG value of potassium di hydrogen
phosphate (KDP) crystal gives a signal of 8.8 mJ/pulse for
the same input energy. Thus it is observed that the SHG efﬁ-
ciency of the L-alanine is 1.022 times than that of the standard
KDP crystal.
3.6. Third harmonic optical studies
Z-scan experiments were performed using a 532-nm diode-
pumped Nd: YAG laser beam (Coherent Compass215 M-
50), which was focused by a 3.5 cm focal length lens. The laser
beam waist x0 at the focus is measured to be 15.84 lm and the
Rayleigh length is 1.48 mm. The schematic of the experimental
setup used is shown in Fig. 6. A 1 mm wide optical cell contain-
ing the sample in solvent is translated across the focal region
along the axial direction that is the direction of the propagation
laser beam. The transmission of the beam through an aperture
placed in the far ﬁeld is measured using a photo detector fed
to the digital power metre (Field master Gs-coherent). For an
open aperture Z-scan, a lens to collect the entire laser beam
transmitted through the sample replaced the aperture. Develop-
ment of high power laser sources has motivated an extensive re-
search in the study of nonlinear optical properties and optical
limiting behaviour of materials (Monaco et al., 1987; Johan kir-
an et al., 2007). TheZ-scan technique developed by Sheik-Bahae
et al. is used to characterize the nonlinear optical properties of
the materials (Sheik-Bahae et al., 1989, 1990). This method is
a simple and effective tool for determining the nonlinear proper-
ties. It has been used widely in material magnitudes of the real
and imaginary parts of the nonlinear susceptibility, but also
the sign of the real part. Figs. 7 and 8 show the open and closed
aperture Z-scan curves for L-alanine crystal. In the closed aper-
ture Z-scan curve, the pre-focal transmittance peak is followed
by the post focal valley, which is the signature of negative non-
linearity (Shettigar et al., 2007), i.e. self-defocusing. The self-
defocusing effect is due to the local variation of the refractive in-
dexwith temperature. Themeasurable quantityDTpv can be de-
ﬁned as the difference between the normalized peak and valley
transmittances, TpTv. The variation of this quantity as a func-
tion of |Du0| is given by
DTpv ¼ 0:406 ð1 SÞ0:25jDu0j ð1Þ
where S= 1  exp(ra2/xa2) is the aperture linear transmit-
tance (0.01), Du0 is the on-axis phase shift. The on-axis phase
shift is related to the third-order nonlinear refractive index by
Du0 ¼ kn2 LeffI0 ð2Þ
where k= 2p/k, Leff = [1  exp(aL)]/a is the effective thick-
ness of the sample, a is the linear absorption coefﬁcient, L the
thickness of the sample, I0 the on-axis irradiance at focus and
n2 the third-order nonlinear refractive index.
Generally the measurements of the normalized transmit-
tance versus sample position, for the cases of closed and open
aperture, allow determination of n2 the nonlinear refractive in-
Figure 5 TG/DTA curve for L-alanine crystal.
Figure 6 Schematic of experimental arrangement for the Z-scan
measurement.
0
0.2
0.4
0.6
0.8
1
1.2
1.4
-15 -10 -5 0 5 10 15
N
or
m
al
iz
ed
 T
ra
ns
m
itt
an
ce
z(mm)
Figure 7 Closed aperture curve scan (s= 0.035) of L-alanine
crystal.
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Figure 8 Open aperture curve (s= 1)for L-alanine n crystal.
Figure 9 Ratio curve for L-alanine crystal.
Table 1 Non-linear optical parameter.
Compound n2 · 108 (cm2/W) b · 104 (cm/W) v(3) · 106 esu
L-alanine 8.82 0.15 4.31
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transmittance is affected by the nonlinear refraction and
absorption, the determination of n2 is less straightforward
from the closed aperture scans. Therefore, it is necessary to
separate the effect of nonlinear refraction from that of the non-
linear absorption. A simple and approximate method to obtain
purely effective n2 is to divide the closed aperture transmit-
tance by the corresponding open aperture scans representing
such plots obtained for the samples, i.e., the ratio of closed
aperture and the open aperture Z-scans as shown in Fig 9.
680 T. Thilak et al.The data obtained in this way reﬂect purely the effects of non-
linear refraction.
The nonlinear absorption coefﬁcient b can be estimated
from the open aperture Z-scan data. The normalized transmit-
tance for the open aperture condition is given
TðZ;S ¼ 1Þ ¼ ½qoðzÞm=ðmþ 1Þ3=2 ð3Þ
For q0(0) < 1, where q0(z) = bI0Leff/(1 + z
2/zR
2), zR = kx0
2/2
is the diffraction length of the beam andx0 is the beamwaist ra-
dius at the focal point and k= 2p/k is the wave vector.
The experimental measurements of n2 and b allow one to
determine the real and imaginary parts of the third-order non-
linear optical susceptibility v(3) according to the following
relations
Rev
3ðesuÞ ¼ 104e0c2n20n2=pðcm2=WÞ ð4Þ
where 20 is the vacuum permittivity, and c the light velocity in
vacuum:
Imv3ðesuÞ ¼ 102e0c2n20kb=4p2ðcm=WÞ ð5Þ
The absolute value of v(3) is calculated from |v(3)| =
[(Re(v(3)))2 + (Im(v(3)))2]1/2
Nonlinear parameters such as nonlinear refractive index n2,
nonlinear absorption coefﬁcient b, and nonlinear susceptibility
v, have been evaluated and tabulated in Table 1. Both NLA
and NLR contribute to the third-order nonlinearity of the
sample.
4. Conclusion
Single crystals of L-alanine have been grown from aqueous
solution of potassium di hydrogen phosphate (KDP) by
the slow evaporation method. The single crystal X-ray dif-
fraction studies conﬁrm that title crystal belongs to the
orthorhombic structure with the space group P212121. The
presence of functional groups was determined using FTIR
analysis. UV–visible-NIR Spectrum of L-alanine shows
73% transparency in visible region and its band gap energy
is found to be 4.9 eV. The grown crystals are thermally sta-
ble up to 288.7 C. The SHG efﬁciency of the L-alanine is
1.022 times than that of the standard KDP crystal. The
Z-scan measurements further conﬁrm that the material
exhibits large third order nonlinear optical properties. The
third order nonlinear parameters are highly encouraging
for the crystal. All these studies indicate that the grown
crystal is the potential material for second harmonic as well
as third harmonic generation applications.Acknowledgement
The authors are very much thankful to SAIF, IIT Madras,
Chennai for providing the single crystal XRD, thermal studies
and UV-studies.
References
Ambujam, K. et al, 2006. Growth and characterization of a novel
NLO crystal bisglycine hydrogen chloride (BGHC). J. Cryst.
Growth 286, 440–444.AnbuchudarAzhagan, S., Ganesan, S., 2012. Effect of ammonium
acetate addition on crystal growth, spectral, thermal and optical
properties of glycine single crystals. Optik 123, 993–995.
Arun, K.J., Jayalakshmi, S., 2009. Growth and characterisation of
nonlinear optical single crystals of L-alaninium oxalate. J. Minerals
Mater. Characterization Eng. 8, 635–646.
Balamurugan, S., Ramasamy, P., 2009. Growth and characterization
of unidirectional <100> KDP single crystal by Sankaranarayana-
Ramasamy (SR) method. Spectrochim. Acta Part A 71, 1979–1983.
Eimerl, D., Velsko, S., Davis, L., Wang, F., Loiacona, G., Kennedy,
G., 1989. Deuteratedlargininephosphate: a new efﬁcient nonlinear
crystal. IEEE Quantum Electron. 25, 179–193.
HajaHameed, A.S., Ravi, G., Dhanasekaran, R., Ramasmy, P., 2008.
Studies on organic indole-3-aldehvde single crystal. J. Cryst.
Growth 212, 227–232.
Heanue, F.M., Bashaw, M.C., Hesselink, L., 1994. Volume holo-
graphic storage and retrieval of digital data. Science 265, 749–752.
Hernandez-Paredes, J., Glossman-Mitnik, D., Esparza-Ponce, H.E.,
Alvarez-Ramos, M.E., Duarte-Moller, A., 2007. Band structure,
optical properties and infrared spectrum of glycine-sodium nitrate
crystal. J. Mol. Struct. 875, 295–301.
Johan kiran, A., AskokMithun, ShivaramaHolla, B., Shashikala,
H.D., Umesh, G., Chandrasekaran, K., 2007. Nonlinear optical
studies of 1-3-diaryl-propenones containing 4-meth-
ylthiophenylmoieties. Opt. Commun. 283, 1519–1527.
Justin Raj, C., Jerome Das, S., 2007. Growth and characterization of
nonlinear optical active L-alanineformate crystal by modiﬁed
sankaranarayan- Ramasamy (SR) method. J. Cryst. Growth 304,
191–195.
Kang, H., Chang Xi, Yang, Guoguang, Mu, Zhong Kang, Wu, 1990.
Real-time holographic associative memory using doped LiNbO3 in
a phase-conjugating resonator. Opt. Lett., 637–639.
Kurtz, S.K., Perry, T.T., 1968. A powder technique for the evaluation
of non-linear optical materials. J. Appl. Phys. 39, 3798–3812.
Liu, X., Wang, Z., Zhang, Z., Wang, X., Duan, A., Sun, Z., Zhu, L.,
Xu, D., 2007. Crystal growth of high quality nonlinear optical
crystals of l-arginine triﬂuoroacetate. J. Cryst. Growth 308, 130–
132.
Lucia Rose, A.S.P., Selvarajan, P.S., Perumal, S., 2011. Studies on
growth and characterization of an NLO crystal: L-alanine hydrogen
chloride (LAHC). Mater. Chem. Phys. 130, 950–955.
Marder, S.R., Sohn, J.E., Stucky, G.D., 1991. Materials for Non-
Linear Optics. American Chemical Society, Washington, DC.
Meera, K. et al, 2004. Growth of nonlinear optical material: L-
arginine hydrochloride and its characterization. Cryst. Res. Tech-
nol. 263, 510–516.
Misoguti, L., Varela, A.T., Nunes, F.D., Bagnato, V.S., Melo, F.E.A.,
Mendes, F.J., Zilio, S.C., 1996. Optical properties of L-alanine
organic crystals. Opt. Mat. 6, 147. http://dx.doi.org/10.1016/0925-
3467(96)00032-8.
Monaco, S.B., Davis, L.E., Velsko, S.P., Wang, F.T., Eimerl, D.,
Zalkin, A., 1987. Synthesis and characterization of chemical
analogs of L-arginine phosphate. J. Cryst. Growth 85, 252–255.
Sheik-Bahae, M., Said, A.A., VanStryland, E.W., 1989. High-sensi-
tivity, single-beam n2 Measurement. Opt. Lett. 14, 955–957.
Sheik-Bahae, M., Said, A.A., Wei, T.H., Hagan, D.J., VanStryland,
E.W., 1990. Sensitive measurement of optical non-linearities using
a single beam. IEEE J. Quantum Electron. 26, 760–769.
Shettigar, S., Umesh, G., Chandrasekaran, K., Kalluarya, 2007. Third
order nonlinear optical properties and two photon absorption in
newly synthesized phenyl sydnone doped polymer. Syn. Metals 157,
142–146.
Silverstein, R.M., Bassler, G.C., Morrill, T.C., 1981. Spectrometric
Identiﬁcation of Organic Compounds. Wiley, New York.
Zhang, Y., Li, H., Xi, B., Che, Y., Zheng, J., 2008. Growth and
characterization of l-histidine nitrate single crystal, a promising
semiorganic NLO material. Mater. Chem. Phys. 108, 192–195.
